The objective of this article is to review some aspects of the fibromyalgia syndrome and its mechanisms of development. We also discuss how to go from preclinical research to clinical practice. Fibromyalgia is a clinical syndrome whose main features include diffuse musculoskeletal pain, fatigue, sleep disturbances, and cognitive disorders. Russell & Larsson (2009) proposed "pronociceptive" and "antinociceptive" systems under normal conditions. Functional pain states such as fibromyalgia are derived from central disturbances in pain processing. The association with anxiety and depression is a negative prognostic factor. Distress is an important part of its physiopathology. The concomitance of other functional syndromes is a rule. The already known etiopathogenic mechanisms of fibromyalgia can be applied in clinical practice for diagnosis and rational therapeutic approaches. Pharmacological but mainly nonpharmacological measures must be applied. Although much information still needs to be obtained, the clinician presently has sufficient tools for efficiently treating fibromyalgia patients. An important aspect is that such knowledge needs to reach primary care physicians because the prevalence of fibromyalgia does not allow all patients to be treated by specialists.
Introduction
After four decades of research on fibromyalgia, much knowledge has been acquired, but a large gap still needs to be filled. The main challenge is to link the wellestablished points and determine how clinical practice can benefit from them. The complexity of the clinical picture of fibromyalgia makes it difficult to apply the already known mechanisms of the disease to therapeutic approaches. This complexity is derived from the association between the main features of this intriguing malady to other functional clinical syndromes, psychiatric diseases, and possibly overlapping conditions. There are reasons to be optimistic because valuable research results have allowed the establishment of guidelines that involve pharmacological and nonpharmacological interventions.
The objective of this article is to review some aspects of the well-known features of fibromyalgia and its mechanisms of development. We also discuss how to go from preclinical research to clinical practice.
The most recent concept states that fibromyalgia is a clinical syndrome whose main features include diffuse musculoskeletal pain, fatigue, sleep disturbances, and cognitive disorders. These are considered the essential characteristics for recognizing this syndrome. Diffuse and amplified pain is a prerequisite for its diagnosis and the distinguishing feature between fibromyalgia and other similar conditions such as regional myosfascial pain and fatigue syndrome. We discuss not only these core symptoms but also other overlapping conditions that comprise the fibromyalgia syndrome.
Pain
Pain is always a great challenge in clinical practice, independent of its type or origin. This is particularly true for fibromyalgia in which the central issue is not simply pain but also the abnormal presentation of it. This type of pain does not fit any definition of lesion or isolated functional disturbance.
To better understand this condition, beginning with the most comprehensible situation is important. From a clinical point of view, nociceptive pain is a well-known condition. A harmful event stimulates nociceptive receptors that activate a series of events. The final consequence is pain perception. Russell & Larsson (2009) proposed a model in which pain perception processes can be divided into "pronociception" and "antinociception" under normal conditions. Pronociception is initiated with peripheral pain receptor activation by a mechanical, chemical, or thermal stimulus. This first step generates action potentials. After passing through a series of sensory-discriminative ascending pathways, the action potentials reach the brain and determine pain perception after synaptic contact with brainstem structures, limbic structures, the dorsal thalamus, and the neocortex (Russell & Larsson, 2009 ). The main neurotransmitters of this system are glutamate and substance P. When coming from the brain and brainstem and descending to the dorsal horn of the spinal cord, inhibitory pathways become involved in the modulation of pain (Basbaum & Fields, 1978; Fields & Basbaum, 1989) . At this point, serotonin, norepinephrine, dopamine, and endogenous opioid peptides are key chemical mediators. Normal pain is the result of the proper functioning of these two hodological mechanisms in the physiology of pain (Russell & Larson, 2009) . Although simplistic, this model facilitates our understanding of normal nociception and nociceptive pain.
How is this pain clinically manifested? Patients frequently not only describe its characteristics but also associate it with triggering events. The intensity of pain generally responds well to analgesic and antiinflammatory drugs (Ablin & Clauw, 2009; Fitzcharles, Almahrezi, & Shir, 2005) . Behavioral changes occur as a consequence of pain (Ablin & Clauw, 2009) . Physicians can easily correlate pain symptoms with causes. Pain has a reason to exist and protects the organism from harm.
However, two other painful conditions do not fit this explanation: (1) when pain transmission structures are harmed in what is called neuropathic pain and (2) when central sensitization characterizes a dysfunctional state such as the one that occurs in the fibromyalgia syndrome (Ablin & Clauw, 2009; Galvão, 2005) . Neuropathic pain may derive from infectious (herpes zoster), metabolic (diabetes mellitus), and traumatic events that cause temporary or permanent functional disturbances or structural lesions in peripheral or central neural pathways (Galvão, 2005) . In addition to intense pain, the other main clinical features include paresthesias and alterations in sensitivity (Galvão, 2005) . Hyperalgesia, allodynia, and neurogenic inflammation are also observed. These are characterized by neuroplastic phenomena that promote the maintenance of pain symptoms (Ablin & Clauw, 2009) .
Abnormal pain states are derived from central disturbances in pain processing (Russell & Larson, 2009; Ablin & Clauw, 2009 ) including fibromyalgia syndrome, tension headache, and myofascial regional pain. In addition to diffuse spontaneous musculoskeletal pain, it also presents with hyperalgesia and allodynia, which characterize the pain amplification process. One important feature is that it can be superimposed on other functional syndromes characterized by central hypersensitivity, such as irritable bowel syndrome, premenstrual tension syndrome, and migraine. Other important aspects to be considered include the frequent concomitance with anxiety and depression and abnormal behavioral and physical responses to stress-related stimuli (Russell & Larson, 2009; Ablin & Clauw, 2009 ).
Fibromyalgia syndrome: core symptoms
Diffuse musculoskeletal pain is a prerequisite for the diagnosis of fibromyalgia for every classification or diagnostic criteria published for this syndrome to date (Ablin & Clauw, 2009) . Disturbances in pain perception processing are considered the central disease mechanism. Altered pain perception is caused by an imbalance between ascending nociceptive pathway activity (pronociception) and the functioning of the descending modulation system or analgesic mechanisms of the dorsal horn of the spinal cord (antinociception). It is clinically manifested by diffuse spontaneous musculoskeletal pain, hyperalgesia, and allodynia (Russell & Larson, 2009) .
But how can one explain the other cardinal features? Fatigue, sleep disturbances, and cognitive alterations are almost always present. These symptoms can sometimes dominate the clinical picture.
Fatigue may be considered a symptom associated with high sensitivity but low specificity (Arnold, 2008) . Fibromyalgia is always considered a possible diagnosis when both symptoms (i.e., pain and fatigue) come together. The physician should be very mindful to assess fatigue. Arnold (2008) stated that fatigue may masquerade as a series of other symptoms with different natures: (1) physical (e.g., reduced activity, low energy, tiredness, decreased physical endurance, increased effort with physical tasks, difficulty overcoming inactivity, general weakness, heaviness, slowness or sluggishness, nonrestorative sleep, and sleepiness), (2) cognitive (e.g., decreased concentration, decreased attention, decreased mental endurance, and slowed thinking), and (3) emotional (e.g., decreased motivation or initiative, decreased interest, feeling overwhelmed, feeling bored, aversion to effort, and feeling low). In fact, just the presence of chronic pain can cause fatigue. In this case, it has been attributed to related features such as insomnia, muscular deconditioning, and depression (Fishbain et al., 2005) .
Sleep disturbances caused by fibromyalgia are one of the most studied features as suggested by Moldofsky, Scarisbrick, England, & Smythe (1975) and Moldofsky & Lue (1980) . According to these authors, this symptom is similar to that reported by patients diagnosed with fibromyalgia and can be induced in healthy sleep-deprived subjects. The most common electroencephalographic anomaly is an increase in alpha activity during non-rapid-eye-movement sleep. This sleep irregularity is frequently associated with disturbed sleep (Branco, Atalaia, & Paiva, 1994; Drewes, Nielsen, Taagholt, Bjerregard, Svendsen, & Gade, 1995) .
More recently, the presence of cognitive disturbances has received attention from fibromyalgia researchers as one of the core features of the fibromyalgia syndrome. Fibromyalgia patients frequently complain of difficulties in memory, logical analysis, motivation, and concentration (Glass, 2008) . These symptoms are highly correlated with pain, fatigue, and depression (Suhr, 2003) . Imaging studies showed reduced gray matter volume in the postcentral gyrus, amgygdaloid complex, hippocampus superior frontal gyrus, and anterior cingulate gyrus (Lutz et al., 2008) . The real meaning of these findings needs to be better understood. A possible relationship with the chronic stress response has been considered (Grisart, Van der Linden, & Masquelier, 2002) .
Depression and anxiety
The association with psychiatric diseases has been studied since the early definition of the syndrome. Important reasons for this interest are the similarity between some fibromyalgia symptoms and depression symptoms and the high subjectivity of its clinical characteristics. The psychiatric diagnoses most frequently associated with fibromyalgia are bipolar disorder, major depressive disorder, anxiety disorders, eating disorders, and substance use disorder. Since the beginning of fibromyalgia research, it has been considered a part of the affective disorder spectrum because of its high association with depression and anxiety (Hudson & Pope, 1989) . Another important point is that this association is a negative prognostic factor because depression and anxiety have deleterious influences on the expression of fibromyalgia (Ablin & Clauw, 2009 ). The medical literature emphasizes the association with depression, but in day-to-day clinical practice, state or trait anxiety is frequently present and may be more problematic to the patient's life (Cohen, Buskila, Neumann, & Ebstein, 2002) . The association between several grades of anxiety and their negative impact on quality of life is clear (Pagano, Matsutan, Ferreira, Marques, & Pereira, 2004) .
Distress
One of the first demonstrations of the influence of an abnormal stress response on the physiopathology of the fibromyalgia syndrome was the description of its development after exposure to chronic and even acute stressors. The medical literature has attributed early life trauma, both physical and emotional, to the triggering of this clinical condition (Buskila, Neumann, Vaisberg, Alkalay, & Wolfe, 1997; McLean & Clauw, 2004; Clauw, 2003) .
To establish the presence of alterations in the stress response, numerous studies have evaluated the hypothalamic-pituitary-adrenal axis. Most of these studies reported hyporeactivity to experimentally applied stressful stimuli. Still unknown is whether it is the cause or consequence of pain, but one can suppose that these disorders are responsible for part of the symptoms of fibromyalgia such as fatigue and cognitive disturbances (Adler & Geenen, 2005) .
With regard to the autonomic nervous system, hyperactivity of the sympathetic nervous system is more apparent at night (Martinez-Lavin, Hermosillo, Rosas, & Soto, 1998; Raj, Brouillard, Simpson, Hopman, & Abdollah, 2000) . This finding has been attributed to a chronic state of distress.
Overlapping syndromes: central sensitivity syndromes
Since its first description, fibromyalgia has been associated with other syndromes that are considered to have a functional nature because they do not present any pathological lesions. Among these are chronic fatigue syndrome, irritable bowel syndrome, other functional gastrointestinal disorders, temporomandibular joint disorder, restless leg syndrome, periodic limb movements in sleep, idiopathic low back pain, multiple chemical sensitivity, primary dysmenorrhea, headache (tension headache more than migraine and mixed headache), migraine, interstitial cystitis/chronic prostatitis/painful bladder syndrome, chronic pelvic pain, endometriosis, myofascial pain syndrome, and regional soft tissue pain syndrome (Romano, 1988; Yunus, Masi, & Aldag, 1989; Triadafilopoulos, Simms, & Goldenberg, 1991; Sperber et al., 1999; Sivri, Cindas, Dincer, & Sivri, 1996; Wolfe, Ross, Anderson, Russell, & Hebert, 1995) . Yunus (2008) proposed that these nosological entities form a continuum that has a common pathophysiological pathway based on central nervous system hypersensitivity. He called this "Central Sensitivity Syndrome." This new clinical construct may spur new research and even a common approach to all of these conditions that considers clinical, pathophysiological, and emotional aspects prevalent in these syndromes.
Another important overlap is musculoskeletal disease, which is frequently prevalent at the same age as fibromyalgia. Most of these diseases have chronic nociceptive pain as their main symptom. Because fibromyalgia is considered a pain amplification syndrome derived from central hypersensitivity, it can be concluded that a continuous pain stimulus input may contribute to the maintenance and even worsening of pain intensity. This aspect has a significant impact on differential diagnosis and the evaluation of severity.
Where are we now?
These aforementioned considerations point to the following topics:
1 -The cardinal symptoms of fibromyalgia are diffuse pain, fatigue, sleep disturbances, and cognitive dysfunction.
2 -The mechanism of pain in fibromyalgia comprises central sensitization with enhanced pain perception derived from an imbalance between pronociceptive and inhibitory pathways.
3 -Depression and anxiety are frequently associated with fibromyalgia and may be a poor prognostic factor. 4 -Distress is an important mechanism of disease and likely responsible for the other core symptoms.
5 -Fibromyalgia is part of group of other symptoms that have central sensitivity in common. This group of syndromes shares a number of symptoms including fatigue, sleep disturbances, cognitive dysfunction, and psychiatric conditions. 6 -The presence of comorbid musculoskeletal conditions is frequent and may also be a factor for poor prognosis.
observations and their pathophysiological knowledge to make a precise diagnosis and use these diagnostic tools as a complement to traditional diagnostic methods. The use of these diagnostic criteria also benefits patient follow-up and epidemiological studies.
Modified from American College of Rheumatology diagnostic criteria.
It is also important to point out the necessity of a complete musculoskeletal assessment for a precise diagnosis of other possible comorbid musculoskeletal conditions that can maintain a pain input to the central nervous system. One important possible cause for treatment failure is considering that all of the pain that the patient experiences is the result of fibromyalgia.
With regard to treatment, it is imperative to address nonpharmacological approaches together with pharmacological interventions. This is because there is no single or associated pharmacological regimen that can achieve complete successful treatment. Adverse events associated with drugs must also be considered.
Health education is one of the main nonpharmacological approaches. A fully oriented patient will help adhere to therapeutic procedures. It is essential to provide information about the symptoms, the mechanisms of disease, prognosis, and therapeutic measures (Buckelew, Murray, Hewett, Johnson, & Huyser, 1995; Nicassio et al., 1997) .
Another essential therapeutic method is exercise. It is useful against several features of the disease such as pain, fatigue, sleep disturbances, depression, and some of overlapping conditions. The best scientific evidence has been obtained for supervised aerobic exercise. The addition of strength and flexibility exercises may increase efficacy in relation to functional capacity and symptom severity, but little evidence supports these
How our knowledge may be applied in clinical practice
The first issue to be discussed is diagnosis. Fibromyalgia is composed of few symptoms and no reliable signs, and the signs and symptoms are subjective. There is also frequent overlap with other clinical conditions and the presence of several factors of poor prognosis, all of which make the diagnosis of fibromyalgia difficult. Since the beginning of the recognition of fibromyalgia when it was little recognized or even believed until now when there is apparently an excess of diagnosis, much has changed.
The standardization of diagnostic criteria for its inclusion in scientific papers was achieved with the publication of the American College of Rheumatology (ACR) 1990 Classification Criteria (Wolfe et al., 1990) . A clinician shall consider as important features the role of symptoms and presence of overlapping conditions. Although this is true today, the 1990 ACR criteria have emphasized the number of tender points (Figure 1 ) and the presence of diffuse pain. These two characteristics are responsible for its diagnosis (Wolfe et al., 1990) . This 1990 publication made it clear that the presented criteria have only classification purposes and should not be used for diagnosis. Research from then until now has reported patients who may not present the entire spectrum of fibromyalgia. To correct this situation, in 2010, ACR presented preliminary diagnostic criteria to complement clinical investigations, which were then modified in 2011 (Wolfe et al., 2010 (Wolfe et al., , 2011 . According to these new criteria, not only pain but also other cardinal symptoms were taken into account. To be sure, this appears to be an advance, but clinicians in daily practice should rely on clinical Criteria: Fibromyalgia is considered when the following three conditions are met: (1) Widespread Pain Index ≥7 and Symptom Severity Score ≥5 or Widespread Pain Index between 3 and 6 and Symptom Severity Score ≥9, (2) the symptoms must have a duration of 3 months, and (3) the patient should not have another disease that explains the pain.
Widespread Pain Index is composed of the sum of the bodily areas indicated by the patient as spontaneously painful in a presented list.
Symptom Severity Score is the sum of partial scores on three disturbances: fatigue, sleep disturbances, and cognitive symptoms. For each symptom, the following scale shall be used: 0 = no problem, 1 = slight or mild problem, 3 = severe, continuous, and life-disturbing problems.
approaches (Valim et al., 2003; Sanudo, Galiano, Carrasco, Blagojevic, de Hoyo, & Saxton, 2010) .
To address the emotional and physical aspects of psychological techniques and exercises, cognitive behavioral therapy has been used with good scientific correlates (Keefe & Caldwell, 1997) .
With regard to pharmacological management, improving pain modulation is necessary. The pronociceptive and antinociceptive model may be useful for this purpose. It is important to enhance the antinociceptive system and inhibit the pronociceptive system. To accomplish this, physicians have used medications that interfere with the neurotransmitters involved in these two functions (Russell & Larson, 2009) .
As already stated, the main inhibitory pain neurotransmitters are serotonin and norepinephrine. Both act at descending inhibitory pain pathways. These same substances are involved in other aspects of fibromyalgia syndrome such as the stress response, sleep physiology, and mood disturbances. Drugs that inhibit synaptic reuptake include tricyclic and dual antidepressants. Among these, the most studied drugs with the strongest evidence are amitriptyline (Nishishinya et al., 2008) , duloxetine (Arnold et al., 2004) , and milnacipran (Gendreau et al., 2005) . One notable medication is cyclobenzaprine (Tofferi, Jackson, & O'Malley, 2004) , which has the same mode of action but is used for its muscle relaxant properties. The selective serotonin reuptake inhibitor fluoxetine is beneficial at doses of 10-80 mg/day (Arnold, Hess, Hudson, Welge, Berno, & Keck, 2002) . Another useful drug is tramadol. It is a weak µ-opioid receptor agonist, and its beneficial effect may derive not from its opioid function but from its known action on the inhibitory neurotransmitters at the synapses of the neurons responsible for pain transmission, such as neuroepinephrine and serotonin (Bennett, Karim, Karim, & Rosenthal, 2003; Biasi, Manca, Manganelly, & Marcolongo, 1998) .
Medications that inhibit the pronociceptive system also modulate Ca 2+ channel activity and decrease Ca 2+ entry into the distal part of proximal neurons, thus reducing pain-stimulating synaptic neurotransmitter release. As stated above, the most important algogenic pain transmitters are glutamate and substance P. The most studied drugs in fibromyalgia that act on these neurotransmitters are pregabalin and gabapentin (Häuser, Bernardy, Üceyler, & Sommer, 2009 ). The use of peripheral analgesics is only justified for the treatment of concomitant musculoskeletal conditions, which are very frequent.
Conclusion
Although much knowledge still needs to be attained, clinicians currently have sufficiently useful tools for assessing and treating fibromyalgia patients. In our opinion, the main reason for treatment failure is the scarcity of resources such as multidisciplinary teams and the lack of easy access to some medications by the low-income population. Another important aspect is that such knowledge must reach primary care physicians because the prevalence of fibromyalgia does not allow all patients to be treated by specialists.
